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Despite the frequency with which sudden cardiac death
occurs in affluent societies, little is known about the
precise mechanisms by which it is caused. Practically
nothing is known about whysudden cardiac death occurs
in one but not another person. It is difficult to escape
the conclusion that in many instances, the final events
occur almost by chance. Therefore, it would appear that
every effort should be made by the physician to assist
in preventing the changes, that is, cardiomegaly and
myocardial ischemia, that appear to be potential mark-
ers of sudden cardiac death in many persons. Attention
Sudden cardiac death is one of the most common manifes-
tations of coronary heart disease (l), and as such, it is among
the most common causes of death in affluent societies. How-
ever, sudden cardiac death frequently occurs in the absence
of clinically symptomaticor pathologically recognizableacute
lesions in the coronary arteries (2).
The results of the Framingham study (3) indicate that the
proportion of deaths due to coronary artery disease is sub-
stantially greater in persons without proven overt coronary
heart disease (70 to 75%) than in those with clinically rec-
ognizable coronary heart disease (25 to 30%). Lovegrove
and Thompson (4) reported that two-thirds of the hearts of
victims of sudden cardiac death dying within 30 minutes of
the onset of symptoms had no acute pathologic lesions at
postmortem examination (Fig. I). Thus, it is not surprising
that currently identifiable features of symptomatic coronary
heart disease alone are not selective factors for sudden car-
diac death, Furthermore, it must be remembered that sudden
cardiac death may occur in persons who have no evidence
of coronary heart disease. It appears that the substrate in
which sudden cardiac death (in a generic sense) occurs can
be quite heterogeneous. However, the more rigorously one
establishes the criteria defining sudden cardiac death (for
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should be directed toward identifying and facilitating
stabilizing neurogenic and vascular activities and iden-
tifying, controlling and reversing unstabilizing influ-
ences likely to foster sudden cardiac death. In the ab-
sence of a more complete knowledge of precise
mechanisms, the efforts of the physician should be di-
rected toward behavior modificationsthat appear to re-
duce the clinicalmanifestations ofcoronary heart disease
which contribute to the development of cardiomegaly
and myocardial ischemia.
(J Am Coli CardioI198S;S:10SB-llOB)
example, death occurring within I hour after the onset of
symptoms), the more likely it is that the cause will be severe
coronary atherosclerosis (3).
Considering the frequency of coronary heart disease in
people of affluent societies, one cannot help but ask why
sudden cardiac death occurs in one but not another individ-
ual? What are the trigger mechanisms? What are the pro-
tective mechanisms? Warren (5) has asked, "Why don't we
all fall victim? Why don't our engines cough even once?
With the fantastically delicate adjustments needed to give
our brains enough oxygen day in and day out, running,
emotions and doing our thing, it is, I believe, quite re-
markable that we can live decade after decade in blissful
ignorance of all of the dire things that might happen." Is
sudden cardiac death only an event of chance? Is it possible
that there are both stabilizing and unstabilizing neurogenic
and vascular influences that may affect the performance of
the heart and protect against or make a person more vul-
nerable to sudden cardiac death? Is it possible that the de-
termination of whether a person with predisposing charac-
teristics experiences sudden cardiac death is no more precise
than the results of rolling a pair of dice or spinning the
wheels of a slot machine?
Ventricular Fibrillation
Ventricular fibrillation, considered the apex of the final
common pathway of sudden cardiac death, occurs as a result
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precipitate sudden cardiac death in the normal ventricle.
Does this not represent an example of more or larger con-
centrations of unstabilizing influences being necessary to
overcome the stronger stabilizing influences?
Morphologically, different types of ventricular fibrilla-
tion are recognized: fine fibrillation, coarse fibrillation and
torsade de pointes fibrillation. Is it not likely that there are
different stabilizing and unstabilizing influences operative
in these different morphologic presentations? If so, what is
the nature of these influences?
It is well known that once ventricular fibrillation is ter-
minated in a patient in whom it appeared spontaneously, it
usually does not promptly recur. It is as if the unstabilizing
influences of neurogenic and vascular activities of the heart
are overcome almost instantaneously by more powerful sta-
bilizing influences. However, in some patients , possibly the
majority of such patients, it would appear that there is a
continuing presence, even if latent, of an arrhythmogenic
milieu.
Figure 1. Pictorial presentation of 351 cases of sudden cardiac
deathwithin30 minutes of the onset of symptoms. Note that two-
thirdsof the patients had no acutecoronary or myocardial lesions.
(Reprinted from Lovegrove T, Thompson P [4] with permission.)
of coronary occlusion. It also occurs experimentally and has
been observed in human beings during streptokinase therapy
after acute relief of coronary artery occlusions. Is it not
reasonable to believe that the unstabilizing electrophysio-
logic mechanisms causing occlusion-fibrillation and those
causing release-fibrillation are different? If they are, is it
not likely that two different stabilizing influences to prevent
ventricular fibrillation may be operative in many persons?
Is it not likely that fibrillation beginning after an episode
of rapid ventricular tachycardia of some duration is elec-
trophysiologically different from ventricular fibrillation that
begins after only a few premature ventricular complexes?
Is it not likely that different stabilizing and unstabilizing
influences may be operative?
It appears that the malignant ventricular arrhythmias that
occur within minutes after a coronary occlusion are due to
reentry; some minutes to hours later, however, arrhythmias
appear to be due to enhanced automaticity . Is it not likely
that different stabilizing and unstabilizing influences are
operative in these two situations?
It is well known that the stimulus required to initiate
ventricular fibrillation in a given situation varies from patient
to patient and in the same patient from time to time. Ven-
tricular fibrillation in patients without recognizable cardiac
disease may be due to a threshold stimulus rather than a
subthreshold stimulus . Pitt (6) suggested that the release of
a higher concentration of catecholamines or other neural or
humoral factors, alone or in combination , may be required
to cause inhomogeneity in ventricular conduction and to
Electrophysiology
Horowitz et al. (7) used electrophysiologic programmed
stimulation to study 59 patients who had been successfully
resuscitated from an out of hospital cardiac arrest. In 40 of
the patients, ventricular tachycardia could always be initi-
ated by appropriate electrical stimulation . In these patients,
the substrate for initiation of the arrhythmia appeared to be
always present and could be activated at will by the appro-
priate trigger. The continuing presence of the arrhythmo-
genic milieu tends to explain the high incidence of recur-
rence of cardiac arrest in such patients . Unstabilizing
influences of neurogenic or vascular activities, or both, are
a constant threat to such patients. The dominance of sta-
bilizing influences appears to be tenuous indeed. What is
the nature of these influences?
Protective versus vulnerable zone. An example, al-
though only operative in the artificial and controlled envi-
ronment of the animal laboratory, demonstrating the co-
existence of unstabilizing and stabilizing influences was
reported by Verrier and Lawn (8). In the normal heart, a
transthoracic stimulus of less than I J can precipitate ven-
tricular fibrillation. However, once the arrhythmia is estab-
lished, energy levels several hundred times as great are
required to terminate the arrhythmia. Yet, if a stimulus of
less than I J is delivered at a critically localized instant in
the cardiac cycle after the T wave, ventricular fibrillation
can be prevented by a previously adequate stimulus. This
phase of the cardiac cycle was defined as the "protective
zone" (Fig. 2). The protective zone was found in the ex-
perimental preparation to be a critically time-dependent and
site-dependent phenomenon. Sympathetic nerve activation
appeared to abbreviate the duration of the protective zone,
whereas vagus nerve stimulation appeared to restore pro-
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Figure 2. Schematic location of the protective zonein the cardiac
cycle. Note the temporal relations among the T wave, vulnerable
period, strength-interval curve and protective zone. (Reprinted
from Verrier RL, Lown B [8] with permission.)
The Nervous System and the Heart
A number of investigators (9-12) have studied the sta-
bilizing and unstabilizing influences of the nervous system
on the heart. At first glance, it would appear that the sym-
pathetic nervous system is likely to be unstabilizing and the
vagus nervous system to be stabilizing, but it is far more
complicated. An excessive increase in vagal tone can produce
hypotension and result in a reduction of coronary blood flow
to the ischemic areas, and eventually it could result in asystole.
Excessive sympathetic versus excessive vagal tone.
Richter (13) showed that wild, fierce, aggressive, recently
trapped rats whose whiskers had been clipped died promptly
after immersion in a tank of water in which they had to
swim to survive; in contrast, only a small number of sim-
ilarly treated tame domesticated rats died as quickly. On
the basis of earlier studies, it was concluded that trimming
the whiskers of a rat destroyed an important, if not the most
important, means of contact with the outside world. Whereas
all 34 wild rats managed in this manner died within I to 15
minutes after immersion in the water-filled tanks, 9 of 12
domesticated rats swam 40 to 60 hours.
Richter had initially thought that the dying rats would
have evidence of sympathetic stimulation, especially tachy-
cardia and eventually death in systole. But contrary to the
expectation, the rats died promptly after a steady gradual
decrease rather than increase in the electrocardiographically
monitored heart rate. Terminally, there was also a slowing
of respiration and a lowering of body temperature. Autopsy
of these animals revealed a large heart that was distended
with blood. It appeared that the animals died as a result of
overstimulation of the parasympathetic rather than the sym-
patheticoadrenal system. They died a so-called vagus death.
It was concluded that when the wild rats with clipped
whiskers were placed in the water tank, they perceived that
the situation, rather than demanding a "fight or flight"
reaction, was one of "hopelessness." The rats appeared to
perceive that they were in a situation in which they had no
defense, and they appeared to simply give up. It was further
demonstrated that by elimination of the hopelessness, the
rats died less promptly. This was accomplished by holding
the rats briefly and then feeding them, and immersing them
in the water for a few minutes and removing them on several
occasions before subjecting them to the "long swim." It
appeared that the rats manipulated in this way perceived
that the situation was not hopeless; thereafter, the wild rats
again became aggressive, tried to escape and showed no
signs of giving up. Wild rats conditioned in this way swam
just as long as or longer than the domesticated rats. Is this
an example of the interplay of stabilizing and unstabilizing
influences of neurogenic or vascular origin, or both, facil-
itating or preventing sudden cardiac death?
Vagal tone as a stabilizing influence in myocardial
ischemia. Billman et al. (14) concluded that after the heal-
ing of surgically induced acute myocardial infarction in
dogs, survival appeared to be related to the ability to activate
strong vagal reflexes that reduced the vulnerability to ven-
tricular fibrillation. Such conclusions were based on studies
of chronically instrumented mongrel dogs that were ran-
domly assigned to either a control group or a group in which
an acute myocardial infarction was created at the time of
open chest surgery. During surgery, a pneumatic occluder
was placed around the left circumflex coronary artery. This
artery could thus be occluded while the dogs were exercising
after having recovered from the initial surgically produced
myocardial infarction. Acute ischemia occurred after the
occlusion.
About 3 or 4 weeks after the infarct was produced, the
relation between heart rate and the changes in blood pressure
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tective zone properties to control values. It would appear
that appropriate stimuli to the protective zone prevent the
induction of ventricular fibrillation by occluding a major
reentrant pathway. Such a hypothesis explains why the tem-
poral and spatial locations of the protective zone are so
critical.
To date, the protective zone has been demonstrated only
in the laboratory animal. But it is thought-provoking that,
at least in the experimental model, there is in the repolar-
ization phase of the cardiac cycle not only a vulnerable
period, but also a closely adjoining protective zone. The
former can potentially facilitate, if not initiate, ventricular
fibrillation; the latter can prevent its occurrence. Is this an
example of an unstabilizing influence closely integrated to
a stabilizing influence? And if so, is such a relation operative
in human beings?
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Arrhythmias in Myocardial Infarction
Role of coronary spasm. The role of spasm in the pro-
duction of myocardial infarction and its propensity to produce
arrhythmia is now becoming well established. However, the
mechanism by which these effects are produced is unclear.
Whether spasm occurs in small coronary vessels, which at
present cannot be visualized radiographically , is unknown.
However, most investigators agree with Maseri et al. (16,17),
who believe that the mechanism and the extent of the oc-
currence of spasm varies from person to person and in the
same person from time to time . Why should this be so? Are
there indeed stabilizing and unstabilizing influences that
control or fail to control such a process in some or all of
us? Is the occurrence of intense spasm with the potential
left circumflex coronary artery was initiated during the last
minute of an exercise stress test and continued for I minute
after cessation of exercise in 18 dogs that were instrumented
as described previously after creation of a myocardial in-
farction . Thirteen dogs developed ventricular fibrillation and
were classified as susceptible to sudden cardiac death; five
did not and were classified as resistant to the effects of
graded ischemia in producing ventricular fibrillation. Before
the exercise plus ischemia test , the baroreflexes of each
animal were evaluated with a bolus injection of phenyl-
ephrine. The changes in heart rate caused by a 30 mm Hg
increase in systolic arterial pressure as well as the slope of
either the heart rate or PR interval plotted against the systolic
arterial pressure were significantly lower in animals that
developed ventricular fibrillation. After such evaluation, four
resistant and eight susceptible animals were placed on a 6
week daily exercise program; eight susceptible dogs had an
equal period of rest. At the end of the 6 week period, the
exercise plus ischemia test was repeated . No susceptible
animal that performed daily exercise developed ventricular
fibrillation, and all but one of the rested animals did . It
would appear that daily exercise improved baroreceptor con-
trol of the heart rhythm and rate in the susceptible group ,
but not in the resistant group. It was concluded that daily
exercise altered the autonomic control of the heart, possibly
by decreasing sympathetic or increasing parasympathetic
tone, or both . In so doing, anticipated ventricular fibrillation
did not occur during acute myocard ial ischemia in this subset
of dogs previously identified as susceptible to sudden cardiac
death.
Does this study suggest that , at least in the experimental
animal, potentially stabilizing neurogenic or vascular influ-
ences, or both, affecting the heart can be enhanced, while
the effect of unstabilizing influences may be diminished? Is
it possible that such a salutary effect on the balance between
stabilizing and unstabilizing influences can be accomplished
in human beings?
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was determined by changing the level of the blood pressure
by infusion of nitropresside or phenylephrine, or both. The
dogs were then exercised on a treadmill and the circumflex
coronary artery was suddenly occluded by the previously
implanted pneumatic occluder. Eleven of 17 dogs developed
ventricular fibrillation in response to exercise when acute
myocardial ischemia was produced by occluding the left
circumflex coronary artery. These dogs were considered
susceptible to sudden cardiac death . Six dogs did not have
a life-threatening arrhythmia and were considered resistant
to sudden cardiac death. It was concluded that the dogs that
survived were able to respond to increases in blood pressure
and activate the vagal efferent fibers and to some extent
decrease sympathetic efferent tone. The resistant dogs seemed
better able than the susceptible dogs to reflexly increase
vagal tone. Thus, one might say that at least under the
conditions of that study , the sympathetic nervous system
was an unstabilizing influence and predisposed the animal
to sudden cardiac death , whereas the vagus was a stabilizing
influence and prevented sudden cardiac death .
Exercise and autonomic control of the heart during
ischemia. Billman et al. (15) extended these observations
to determine whether protective or stabilizing influences of
the heart could be enhanced. A 2 minute occlusion of the
C.'.nd., ,••,
Figure 3. Trend of age-adjusted annual incidence rates for coro-
nary artery disease from Rochester , Minnesota, 1950 to 1975 for
initial manifestations . AP = angina pectoris; CHD = coronary
heart disease; MI = myocardial infarction; SUD = sudden cardiac
death . (Reprinted from Elveback LR et al. [28) with permission.)
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for complex and serious arrhythmias an example of stabi-
lizing influences being overcome by unstabilizing influ-
ences? If so, why, and what are the mechanisms ?
Role of coronary collateral vessels. It has been dem-
onstrated (18-20) that there is a wide variation in the rapidity
of the development of collateral vessels among different
species. Sheep tend not to develop collateral vessels. Pigs
develop them more readily than do sheep, but appear to
develop them less readily than do dogs. Is it unreasonable
to believe that there is also a wide variation in the devel-
opment of collateral vessels from one patient to the next?
It has been demonstrated that marked differences in ischemic
flow through scant collateral vessels mixing with normal
flow are arrhythmogenic. If the collateral vessels become
large, then they can prevent both arrhythmias and infarction.
Careful studies in the dog by Schaper (20) suggest that it
takes 3 to 4 weeks to develop such vessels . The dog is at
increased risk for arrhythmia until the collateral vessels de-
velop. The sheep with no collateral circulation will develop
a large infarct if subsequent ischemia develops , but arrhyth-
mias are extremely uncommon . It may be somewhat sim-
plistic to conclude that , in relation to arrhythmias, the ab-
sence of collateral vessels could be stabilizing, the presence
of a few collateral vessels unstabilizing and the presence of
many collateral vessels stabilizing again. One can not help
but wonder what forces control the development of collateral
circulation in human beings after a major coronary occlusion.
Reentrant arrhythmias. Myerburg et aI. (21) demon-
strated that as healing of a myocardial infarction progresses ,
a marked heterogeneity of the action potentials develops .
They found that cells that are acutely injured have a less
than normal action potential duration whereas cells that are
in a scar and have undergone a healing process have a greater
than normal action potential duration . Such an arrangement
is ideal to initiate reentrant arrhythmias. Thus, it appears
that even when a myocardial infarction has healed, an un-
stabilizing influence on conduction and impulse formation
is created in the heart. It is hoped that stabilizing influences,
the nature of which is unknown , will be dominant.
Role of drugs. Another tier of influences on patients
must not be overlooked . This is the health care delivery
system to which the patient looks for protection from un-
stabilizing influences . Carefully selected drugs can be of
real benefit in the control of arrhythmias. But they can also
be a potential risk and an unstabilizing influence in certain
patients (22-26); they can even be proarrnythmic and produce
ventricular fibrillation .
Declining Incidence of Death From Coronary
Heart Disease
Despite the lack of answers to many questions that have
been raised and countless others that are equally pertinent,
there is evidence that not only is the incidence of death from
coronary heart disease decreasing among certain groups,
but also the incidence of angina pectoris , acute myocardial
infarction and sudden death is decreasing as well (27-29).
In a study (27,28) of coronary artery disease among the
residents of Rochester, Minnesota, it was found that of the
three major manifestations of coronary heart disease, only
sudden unexpected death had shown a steady decrease since
the 1955 to 1959 peak (27,28) . In the 15 year period, the
decrease in sudden unexpected death was 40%, whereas the
decreases in myocardial infarction and angina pectoris were
12 and 10%, respectively .
The reasons for these decreases are unknown (30-32).
No unified composite of elements adequately explains them.
However, I agree with Kannel and Thomas (I), who con-
cluded that "prevention of sudden death requires measures
designed to delay the atherosclerotic process, which begins
early in life, progresses insidiously, and finally becomes
clinically manifest with distressing frequency from the fourth
decade on." Is it not possible that the decrease in the in-
cidence of death from coronary heart disease and sudden
cardiac death has occurred because a large segment of our
society has increasingly adapted stabilizing influences in
their daily life and abandoned the unstabilizing effects of
recognized risk factors? Is it not possible that more and
more people are accepting that it is "what you do hour by
hour, day by day, that largely determines the state of your
health, whether you get sick , what you get sick with, and
perhaps when you die" (33)? Is it possible that whether
sudden cardiac death occurs in a given person is to some
extent only a matter of chance ? What factors determine
whether in a particular person vigorous exercise adequately
decreases sympathetic or increases parasympathetic tone ,
or both, to prevent ventricular fibrillation under appropriate
stresses? What factors determine whether a patient who
seeks the service of a physician and is prescribed quinidine
will develop torsade de pointes ventricular fibrillation?
Conclusions
These are only a few examples that emphasize the com-
plexity of determining why one person but not another ex-
periences sudden cardiac death . Clearly , we have come a
long way in defining the mechanisms by which ventricular
fibrillation develops and the condition s that facilitate its
occurrence . Much of what is known has been learned in the
artificial and controlled environment of the animal labora-
tory. Much remains to be learned in the setting of the animal
laboratory , but even more remains to be learned in human
beings.
Given the current uncertainties about sudden cardiac death,
are not the efforts of the individual physician, even if di-
rected empirically toward the prevention of cardiomegaly
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and myocardial ischemia, the most rational way to facilitate
stabilizing influences that may prevent ventricular fibrilla-
tion and sudden cardiac death? After all, the salutary balance
between stabilizing and unstabilizing influences of neuro-
genic and vascular activities of the heart appear to have
"gone awry" when sudden cardiac death occurs, and such
appears to occur more frequently in a large heart subject to
ischemia.
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